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OverviewOverview

nn SAR-Based Change DetectionSAR-Based Change Detection
ll Normalcy conceptNormalcy concept

−− Scene levelScene level
−− Target levelTarget level

nn Wide area target detectionWide area target detection
ll Object-Level CDObject-Level CD

nn Detecting evidence of targetDetecting evidence of target
movementmovement
ll Coherent CDCoherent CD

nn Detecting changes in targetsDetecting changes in targets



NormalcyNormalcy

nn Historical representation of anHistorical representation of an
area or an object that provides aarea or an object that provides a
basis for declaring significantbasis for declaring significant
changechange
ll Pixel level (coherent CD, image compare)Pixel level (coherent CD, image compare)
ll Object level (OLCD)Object level (OLCD)

NormalcyNormalcy
DBDB

Scene levelScene level Target levelTarget level



SAR OLCDSAR OLCD

• New targets cued• New targets cued
• Fewer change • Fewer change FAsFAs

ChangeChange
AnalysisAnalysis

Object normalcy modelsObject normalcy models

Omni-Omni-dirdir..
statisticalstatistical

ObjectObject
queriesqueries

ObjectObject
updatesupdates

Sensor, Terrain, LC, DB-derived ContextSensor, Terrain, LC, Sensor, Terrain, LC, DBDB-derived Context-derived Context

SAR
Segmentor

SARSAR
SegmentorSegmentor

Change
Analysis
ChangeChange
AnalysisAnalysis

Output
Filter

OutputOutput
FilterFilter

Omni-Omni-dirdir..
statisticalstatistical

GeneralGeneral
vehiclevehicle

TargetTarget
modelmodel

Object normalcy modelsObject normalcy models

Evolving Objects

nn SAR OLCD detects changes via object associationSAR OLCD detects changes via object association
nn Application: target deployment detectionApplication: target deployment detection



OLCD ExampleOLCD Example

nn May 7 databaseMay 7 database
scenescene
ll 3 existing vehicles3 existing vehicles
ll Significant tree and bushSignificant tree and bush

clutter (tree lines)clutter (tree lines)
ll ReflectorsReflectors

DB ObjectsDB Objects



New Vehicles DeployedNew Vehicles Deployed
nn Database SceneDatabase Scene

ll 3 existing vehicles3 existing vehicles
ll Significant tree andSignificant tree and

bush clutter (tree lines)bush clutter (tree lines)
ll ReflectorsReflectors

nn New SceneNew Scene
ll 2 existing vehicles2 existing vehicles
ll 3 new targets3 new targets
ll 1 moved & deployed1 moved & deployed

target (target (bridgerbridger))

May 7May 7May 8May 8

3 new

unchanged
unchanged

Moved &
deployed



nn Center largeCenter large
yellow circlesyellow circles
denote newdenote new
unassociatedunassociated
objects target-objects target-
sizedsized

Detected ChangesDetected Changes



Wide Area DetectionWide Area Detection

nn Challenge to detect newlyChallenge to detect newly
arriving deploymentsarriving deployments

NumerousNumerous instantances instantances of pre-existing manmade clutter of pre-existing manmade clutter



Wide Area ScreeningWide Area Screening

nn Database populated withDatabase populated with
numerous objects (manmadenumerous objects (manmade
and natural)and natural)



Wide Area ScreeningWide Area Screening

nn Detected new vehicle deploymentsDetected new vehicle deployments
ll Highly sensitive to new appearancesHighly sensitive to new appearances
ll Low false alarms for vehicle groupsLow false alarms for vehicle groups



Coherent ChangeCoherent Change
DetectionDetection

nn Two-pass coherent processingTwo-pass coherent processing
ll Coherent change detection using complexCoherent change detection using complex

imageryimagery
ll Best complex image (in terms of flight path)Best complex image (in terms of flight path)

used as normalcy referenceused as normalcy reference

nn Application: vehicle changeApplication: vehicle change
detection and ground disturbancedetection and ground disturbance



vehiclevehicle

vehiclevehicle

Vehicle showsVehicle shows
up as changeup as change
in the CCDin the CCD
mapmap

INITIAL IMAGEINITIAL IMAGE IMAGE AFTER VEHICLE
 MOVEMENT

CCD MAPCCD MAP

SAR Images and CCDSAR Images and CCD

Vehicle off-road tracksVehicle off-road tracks

Location: Location: KirtlandKirtland housing area housing area

Sensor: Sensor: SandiaSandia experimental experimental
“Strip” radar “Strip” radar 



• Processed• Processed
  Area  Area

• CCD image• CCD image • Random phase attenuated• Random phase attenuated

Noise ReducedNoise Reduced

nn Telltale vehicle trackTelltale vehicle track



Vehicle Level ChangeVehicle Level Change



Physical ChangesPhysical Changes



Image Magnitude CFARImage Magnitude CFAR
Change StatisticChange Statistic
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Moderate ChangesModerate Changes



Severe ChangesSevere Changes



SummarySummary

nn Use of SAR Imagery for changeUse of SAR Imagery for change
detectiondetection

nn Object and pixel levelObject and pixel level
nn Incoherent and CoherentIncoherent and Coherent

approachesapproaches
nn Scene and target level changesScene and target level changes


